SUMMARY The Hoffmann reflex and the Achilles tendon reflex were measured in a group of 194 subjects suspected of having a lumbosacral root compression syndrome. The Achilles tendon reflex was elicited manually with a metal hammer. There was a high correlation between the H-M interval and the Achilles tendon reflex-M interval. The usefulness of the Achilles tendon reflex was evaluated in a selected sub-group of 61 patients with proven L5 or Si root compression. Neither the H-reflex nor the Achilles tendon reflex appeared to be of any value in detecting L5 root compression. Both the H-reflex and the Achilles tendon reflex proved to be useful for diagnosis of Si root compression syndromes, the latter being the more sensitive method.
Electromyography can be useful in the diagnosis of lumbosacral root compression syndromes. Examination of the involved muscles with concentric needle electrodes can reveal signs of denervation (fibrillations, positive sharp waves), a decrease in the number of motor units at maximum voluntary effort, and a high proportion of polyphasic potentials. Moreover, abnormalities can be expected in the late responses (reflexes and F-waves) recorded with surface electrodes. Often in the case of a nerve root lesion (due, for example, to a herniated disc) there will be no or only minor axonal damage. This implies that needle electromyography will reveal signs of denervation in only a relatively small number of patients. Compression of the nerve root, however, may cause local damage of the myelin sheath, resulting in a reduction in the proximal conduction velocity. Assuming a normal peripheral conduction velocity, the latent period of a monosynaptic reflex over the compressed roots will provide a measure of the abnormal proximal delay.
Many authors have emphasised the importance of reflex studies in the diagnosis of lumbosacral root compression syndromes. In particular the Hoffmann reflex evoked in the triceps muscle of the calf has attracted considerable attention. The mechanism of the H-reflex may be considered common knowledge and has been described elsewhere. ' Summarising, the H-reflex is a classical monosynaptic reflex, evoked electrically by stimulation of the IA-afferent fibres of the tibial nerve in the popliteal fossa. Via the dorsal root these afferent fibres reach the ventral horn of the spinal cord, where there is a monosynaptic connection with the alpha motoneurons which innervate the soleus muscle and the gastrocnemius muscle. Theoretically the pathway of this reflex is through the L5 and S1 roots. Measurement of the H-reflex in the triceps muscles of the calf could thus provide some information about the presence of a compression syndrome at either one of these levels. Reflex parameters which can be measured are (a) the difference in time between the reflex response and the direct muscle response: "H-M interval" and (b) the amplitude, expressed as the ratio between the maximum obtainable reflex amplitude to the maximum direct muscle response (H/M). The latter parameter, however, is easily influenced by several factors, for example the position of the patient, degree of relaxation, etc.2 For this reason most authors nowadays are less inclined to use this ratio for the diagnosis of lumbosacral nerve root compression. The H-M interval proved to be a more reliable parameter, depending only on the patient's length, the nerve conduction velocity and the synaptic delay. In patients with a unilateral root compression syndrome, a left/right difference in the H-M interval of 2 ms or more is considered significant.3
Although the H-reflex studies proved to be clinically useful, there are some practical disadvantages of this method: if properly done, the procedure is time-consuming and the patient must remain in an uncomfortable position; it requires considerable accuracy and patience on the part of the examiner to find the optimum position of the electrode for stimulation and the optimum intensity of the stimulus. The H-reflex as described above can be considered the electrical equivalent of the ankle jerk or Achilles tendon reflex, the only difference being that the H-reflex bypasses the muscle spindles. To the best of our knowledge, measurement of the mechanically evoked Achilles tendon reflex has only been used for research purposes and not (yet) for the diagnosis of patients with an L5 or Si root compression syndrome.4 The aim of this study was to determine the correlation between the H-reflex evoked in the triceps muscle of the calf and the Achilles tendon reflex in the same muscles, elicited by a simplified procedure. We also investigated whether the Achilles tendon reflex can contribute to the diagnosis of an L5 or Si root compression syndrome.
Material and methods
A total of 194 subjects suspected on clinical grounds of having a unilateral lumbosacral root compression syndrome was studied. In one session the H-reflex, the Achilles tendon reflex and the maximum M-response of the soleus muscle and the gastrocnemius muscle were measured on both sides. The reflexes were measured while the patient was lying in a prone position with the knee joints flexed at approximately 120°and the ankle joints in a resting position of 1000 flexion. The tibial nerve was stimulated "monopolarly" in the popliteal fossa using as anode a large electrode on the contralateral leg. The stimulus frequency was 1/s or lower and the stimulus lasted 0 5 or 1-0 ms. Recordings were made over the lateral part of the gastrocnemius muscle and over the soleus muscle; the average inter-electrode distance was 10 cm. First the tibial nerve was stimulated using slowly increasing stimulus intensities in order to elicit a maximum H-reflex; subsequently the intensities were further increased to obtain a maximum M-response. For the Achilles tendon reflex the electrode positions were the same. The reflex was elicited manually with a metal hammer. Upon striking, the hammer made contact with a metal plate held against the Achilles tendon. This contact was used to trigger a digital delay unit, which made it possible to start the oscilloscope after a variable pre-set delay. Thus the measurement error of the latent period could be reduced to less than 0-2 ms. The absolute latent periods (in ms) and the maximum amplitudes (in mV) of the H-reflex, the Achilles tendon reflex (ATR) and the M-response were measured. For further processing only the H-M interval and ATR-M interval were used. An asymmetry of 2 ms or more was considered to be abnormal.
For reasons already stated the amplitude ratios were not used. Moreover, in this study only a moderate correlation appeared to exist between the amplitude ratios for the H-reflex and the Achilles tendon reflex.
Results
The correlation coefficients between the H-M interval and the ATR-M interval were computed for a sub-group of 136 patients. These coefficients (see table 1 ) show a good correlation between the two reflexes on both sides for the soleus muscle as well as the gastrocnemius muscle. However, an asymmetry of the H-M interval of 2 ms or more was not always accompanied by a significant asymmetry of the ATR-M interval or vice versa. Moreover an asymmetry over the soleus muscle was not always accompanied by an asymmetry over the gastrocnemius muscle.
To determine the usefulness of the different methods for diagnosis of an L5 or Si root compression syndrome the results of the reflex measurements were evaluated in a more carefully selected sub-group. This sub-group consisted of 61 patients with a clinical unilateral L5 or Si root compression syndrome, positive myelographic findings and a markedly herniated disc with unilateral compression of the L5 or Si root, as confirmed upon surgery. In 27 subjects the L5 root was compressed and in 34 subjects, the Si root. These results were compared with findings for another sub-group of 28 patients in whom, despite the clinical signs, root compression could not be demonstrated either by myelography or surgically. All data are listed in tables 2-4. It was found that neither the H-reflex nor the Achilles tendon reflex measured over either the soleus muscle or the gastrocnemius muscle is a sensitive method for the diagnosis of L5 root compression.
Even when "pathological" was defined as all those cases in which either the H-reflex or the Achilles tendon reflex was asymmetrical over one of the muscles under study, there was very little difference between patients with L5 lesions and the control group (see table 4, last column). On the other hand the H-reflex as well as the Achilles tendon reflex appeared to be useful in detecting Si root compression (with perhaps slightly better results for the gastrocnemius muscle than for the soleus muscle). In order to evaluate these two methods (H-reflex and Achilles tendon reflex), the findings for patients with proven S1 root compression were compared with those for the control group without proven root compression. Sensitivity, percentage of falsepositives and total accuracy were calculated. (All Hugon' s review on the methodology of the H-reflexl we expected to find that it would be sufficient to measure the reflex over the M soleus only. However, our results did not confirm this since combining the findings for both calf muscles led to a higher sensitivity (table 5) .
The high percentage of false-negative H-reflex results (35-3%) remains unsatisfactory. Comparison with the results of the others is barely possible. In some studies the sensitivity of the method used was not even mentioned. Sometimes the data for the H-reflex are presented together with other EMG Table 5 findings; the specific contribution of the reflex measurement could not therefore be estimated.3"' Moreover we noted that some authors included needle myographic findings in their definition of an Sl syndrome. It is not surprising that in such studies a rather high sensitivity for the H-reflex measurements is reached. Most authors used the absolute latent period and not the H/M interval. The upper limit of normally occurring asymmetry is sometimes fixed at 1 5 ms in contrast to the 2-0 seconds used by other authors.9 10 We could only compare our findings with part of the results of Fisher et al.." l Measuring the H-reflex in 16 patients with proven SI root compression they found a sensitivity of 43-8% with 56 3% falsenegatives. The number of false negatives was therefore even larger than in our study, but they also used the absolute latent period in their calculations. Evaluation of the findings for our 136 subjects showed a reasonable correlation between the H-M interval and the ATR-M interval. Although in our experiments the stimulus for the Achilles tendon reflex was not quantified we still obtained reproducible responses, in particular as far as the latent period was concerned (fig 1) . The examination is less unpleasant for the patient and is less timeconsuming than an H-reflex measurement. The Achilles tendon reflex also proved to be a more sensitive method for detecting S1 root compression syndromes (compared with the H-reflex) with a sensitivity of 85-3% and a total accuracy of 87 1%.
It is remarkable, when reviewing our results (table V) that we still found 14 3% false-positives for the H-reflex and 107% for the Achilles tendon reflex. 
